The East Scotia subduction zone, located in the Atlantic sector of the Southern Ocean, 2 hosts a number of hydrothermal sites in both back-arc and island-arc settings. High 3 temperature (> 348 °C) 'black smoker' vents have been sampled at three locations along 4 segments E2 and E9 of the East Scotia back-arc spreading ridge, as well as 'white smoker' (< 5 212 °C) and diffuse (< 28 °C) hydrothermal fluids from within the caldera of the Kemp 6 submarine volcano. The composition of the endmember fluids (Mg = 0 mmol/kg) is 7 markedly different, with pH ranging from <1 to 3.4, [Cl -] from ~90 to 536 mM, [H 2 S] from 8 6.7 to ~200 mM and [F -] from 35 to ~1000 μM. All of the vent sites are basalt-to basaltic 9 andesite-hosted, providing an ideal opportunity for investigating the geochemical controls on 10 rare earth element (REE) behaviour. Endmember hydrothermal fluids from E2 and E9 have 11 total REE concentrations ranging from 7. 
INTRODUCTION 26
The chemical properties of the rare earth elements (REEs) are fundamentally similar, 27 and differences in their behaviour in natural materials and fluids can usually be attributed to 28 atomic radii controls on their speciation and mobility (Elderfield et al., 1988) . In 29 hydrothermal environments, the distribution of the REEs provides important information 30 about fluid evolution during subsurface circulation (Elderfield et al., 1988; Haas et al., 1995) and a positive europium anomaly (Michard and Albarède, 1986 ). This pattern has been 38 observed in fluids from basalt-hosted hydrothermal systems on the Mid-Atlantic Ridge 39 (MAR) (Mitra et al., 1994; James et al., 1995) and the East Pacific Rise (EPR) (Michard et 40 al., 1983; Michard and Albarède, 1986 ), but also in fluids venting through basaltic andesite 41 and andesite substrates in the Lau Basin , heavily-sedimented ridges 42 such as the Guaymas Basin and Escanaba Trough (Klinkhammer et al., 1994) , and 43 ultramafic-hosted vent systems including Rainbow (Douville et al., 2002) . This REE CN 44 pattern has been attributed to exchange of REEs during plagioclase recrystallisation 45 (Campbell et al., 1988; Klinkhammer et al., 1994) , but more recent studies suggest that the 46 determined by the type and concentration of REE ligands (Bau, 1991; Douville et al., 1999 ; 49 7 mid-ocean ridge systems (Von Damm, 1990 ; Kelley et al., 2002) , suggesting that input of 124 magmatic volatiles is negligible (James et al., in review) . 125
There are two sites of high temperature hydrothermal activity at E9, located between 126 60° 02.5' and 60° 03.0' S and between 29° 59.0' and 29° 58.6' W at ~2400 m water depth. (Bischoff and Rosenbauer, 1984) . As a consequence, concentrations of H 2 S in the 138 endmember fluids are higher (9.5 -14 mM) than they are in the higher-Cl fluids from E2. 139
The pH (3.08 -3.42) and fluoride (34.6 -54.4 μM) concentrations of the endmember fluids 140 are similar to E2, again indicating that input of magmatic volatiles is negligible (James et al., 
South Sandwich Island Arc 149
The South Sandwich Island Arc is an intra-oceanic, volcanic arc associated with the 150 subduction of the southernmost South American plate beneath the Sandwich plate (Larter et 151 al., 2003) . Basement crust here is young (8 -10 Ma), generated by back-arc spreading at the 152 ESR and has a thickness of 16 -20 km (Leat et al., 2004) . The arc consists of seven main 153 islands (up to 3 km from seafloor to summit) and several smaller islands and seamounts 154 varying in composition from basaltic to rhyolitic (Leat et al., 2004 (Leat et al., 2004) . the chloride concentration of endmember fluids is likely to be low (90 ± 37 mM). The 171 endmember fluids also appear to have very high levels of H 2 S (200 ± 15 mM) and fluoride 172 9 separated, and they are affected by input of magmatic volatiles (Powell et al., 2011 with an inductively coupled link (ICL) temperature sensor at the nozzle tip, were inserted into 183 the chimney orifice to collect focused vent fluids. Diffuse fluids were collected using a 184 specially-constructed diffuse sampler, consisting of a pseudo venture tube, constructed in 185 titanium, fitted with a heat-resistant weighted 'skirt' at its base to form a seal with the 186 seafloor. The diffuse sampler was placed over the target area, and fluids were sampled by 187 insertion of a Ti syringe into the top of the tube. Entrainment of ambient seawater was 188 minimised by delaying syringe activation until a constant temperature reading was observed. 189
Back onboard, the fluids were transferred to acid-cleaned 1L HDPE bottles, and any solid 190 material ('dregs') that had presumably precipitated as the sample cooled was rinsed from the 191 Ti samplers into a 30ml acid-cleaned HDPE bottle. All samples were acidified to pH 2 using 192 thermally distilled (TD) HNO 3 . 193 Onshore, fluid samples were filtered through a polycarbonate membrane filter (0.2 194 μm; Whatman) to separate any particles that had precipitated during storage. The filtrate was 195 diluted with 2% HNO 3 for analysis of major elements. Particulate material retained on the 196 filters was dissolved in 50% TD HNO 3 at 60 °C for several days, and then transferred to a 197 microwave digestion vessel and microwaved at 400W for 3 minutes. This step was repeated 198 as necessary until the filter had completely dissolved. The digested sample was then 199 transferred to a 15 mL Savillex vial with Milli-Q water, and evaporated to dryness. Finally, 200 the sample was dissolved in 10 mL of 1.6M HNO 3 and its mass was determined. The 'dregs' 201 were filtered, dissolved, dried-down and re-dissolved in the same way. The concentration of 202 the REEs was determined in each fraction (Section 3.2), and the overall composition of the 203 vent fluids was reconstructed (Table 1) The REE content of the particulate and dregs fractions was determined by ICP-MS 225 (Thermo Fisher Scientific ELEMENT) at the National Oceanography Centre in Southampton. 226
Single-element standards of Ba, Ce, Pr and Sm (Inorganic Ventures) were analysed alongside 227 the samples to enable interference corrections to be made on Eu and the heavy REEs. 228
Samples were calibrated against a set of five rock standards; BIR-1 and BHVO-2 (US 229 Geological Survey), and JB-3, JA-2, JGb-1 (Geological Survey of Japan). Instrument drift 230
was assessed by addition of internal standards (In and Re). Based on duplicate analyses of 231 the rock standards, the external reproducibility (2σ) of this technique is < 5% for La -Sm and 232
Dy -Lu; < 8% for Eu and Tb and < 16% for Gd. 233
REE concentration of anhydrite 234
A minimum of 10 mg of anhydrite was dissolved in ~5 ml of Milli-Q water and a 235 drop of 50% TD HNO 3 by heating on a hotplate at 60 °C for several days. Once dissolved, 236 the anhydrite sample was transferred into a 20 ml acid-cleaned LDPE bottle. A volume of 237 fluid equivalent to 6 mg of anhydrite was sub-sampled, dried down and re-dissolved in 4 ml 238 of 3% TD HNO 3 spiked with 10 ppb In, Re, and 20 ppb Be as internal standards. 239
Concentrations of the REEs, Y, and major cations (Ba, Ca, Sr) were determined by ICP-MS 240 (Thermo Scientific X-Series) at the National Oceanography Centre, Southampton, calibrated 241 against five rock standards; BIR-1 and BHVO-2 (US Geological Survey), and JB-3, JA-2, 242
JGb-1 (Geological Survey of Japan), as well as matrix-matched synthetic standards. The 243 external reproducibility (2σ) of these analyses was < 4% for all of the REEs, based on 244 duplicate analyses of the rock standards. concentrations for these vents are calculated, as is the usual practise, by extrapolating from 263 the composition of bottom seawater through the Mg concentration measured in samples from 264 a given vent, to zero-Mg. Endmember concentrations are given in Table 1 . 265
Fluids recovered from Kemp Caldera have much higher levels of Mg (> 43 mM). 266
This is almost certainly due to mixing with seawater during the sampling procedure. To this 267 end, the temperature of the vent fluids measured using the ICL probe (~212 ˚C) was 268 significantly higher than that recorded when the fluid was sampled (< 28 ˚C), as a result of 269 reported for some back-arc basin vents (e.g. Douville et al., 1999; Craddock et al., 2010) (Palmer, 1992; Gamo et al., 1996) . 307
REE Composition of Chimney Anhydrites 308
The REE-Y compositions of chimney anhydrites sampled from some of the sites on 309 the ESR and within the Kemp Caldera are presented in Table 3 . Total REE abundance in 310 anhydrite is much higher in chimney samples recovered from E9 North (24.3 ppm) than at 311 any of the other vent sites (4.75 -9.13 ppm at E2, 0.33 -5.44 ppm at E9 South, and 0.61 -312 5.19 ppm at Winter Palace, Kemp Caldera) (Table 4) . At all sites, ∑REE is far higher for 313 anhydrite than for the endmember hydrothermal fluids, by a factor of up to 1600 at E2, 1400 314 at E9 North and 4600 at E9 South. Differences in ∑REE between sites are mainly related to 315 differences in the extent of seawater mixing in fluids from which the anhydrite precipitates 316 ( (Table 4) The large ionic radius of divalent europium inhibits its partitioning into anhydrite, and 510 the magnitude of the Eu anomaly in the remaining fluid is thought to be a proxy for the 511 degree of fluid evolution in mid-ocean ridge systems (Humphris, 1998; Schmidt et al., 2010) . 512 (E9 North) have high ∑REE and a negative Eu anomaly, which may be indicative of an early 515 evolutionary stage, prior to significant anhydrite deposition . This is 516 also suggested as an alternative explanation for the REE CN distribution pattern reported for 517
Two Boats by Schmidt et al. (2010) . In this connection, the water-rock ratio in the reaction 518 zone at Black & White is ~2 times higher than those estimated for the other E9 vent sites (and 519 ~4 times higher than estimated for E2 sites) ( 
